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eted as a fluid that spreads spontaneously and exhibits
g reversible interfacial bonding and tunable cross-
ng. Similarly, the sabelariid polychaete sandcastle
Phragmatopoma californica [6, 14] secretes micro-

lets of adhesive to build a tube-like burrow from sand
s and other particles. Alternatively, the marine flat-
Macrostomum lignano, possesses a duo-gland adhe-

system in the tail plate [5] that allows it to adhere and
se from the substrate multiple times within seconds.
different characteristics of all these adhesives are
derived from the physico-chemical properties of the
sive proteins, and in particular, from their post-
slational modifications (PTM), such as hydroxylation,
phorylation, and glycosylation [15, 16]. Some organ-
contain glycans associated with the adhesive pro-
, but it is unknown whether they are covalently
hed to the proteins [10, 17].
e freshwater cnidarian Hydra (Fig. 1a, b) is a solitary
p inhabiting any unpolluted body of shallow fresh-
r all year round. During its whole lifecycle it lives
orarily attached underwater, being able to attach and
ch repetitively, but only detaching when looking for
r living conditions [18]. Reproduction is sexual and/
y asexual budding which dominates when food is
tiful. The fertilized egg develops into an embryo that
s to an adult polyp, or as late blastula enters a resting
surrounded by a chitinous covering. The animal has
gle axis and consists of only two layers of epithelial
: the endoderm and the ectoderm [19]. At the oral
is the hypostome (mouth opening), which is sur-
ded by a ring of tentacles, and at the aboral end is an
sive disc called “basal disc” [20]. It is well known that
l disc cells are derived from ectodermal cells of the
r gastric column [21, 22], therefore consisting of
ified ectodermal cells that secrete an adhesive mater-
y which Hydra can attach strongly to a number of sur-
underwater, i.e., stones, wood sticks, leaves, and

r submerged parts of plants.
dra is a classical model organism in axial pattern,
neration, and stem cell biology [22–26]. In contrast
e existing detailed information about differentiation
regeneration of the ectodermal basal disc cells, only
studies have addressed Hydra’s astonishing attach-
t ability. The ultrastructure of ectodermal basal disc
was studied by Chaet [27] and Philpott et al. [28]
provided a first description of Hydra’s secretory
ules. They placed these granules in three categories,
of them representing the same type of granule in
rent stages of matureness, while the third granule is
different type. Further, Davis [29] proposed that

l disc cells produce, by themselves or jointly with
r cells, at least six types of granules, and a seventh
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that originates from the neighbouring digestive cells.
only constituent identified inside the basal disc cells

basa
to at
e presence of hyaluronic acid as seen after an Alcian
[28, 29] and PAS staining [28]. At the ultrastruc-

l level, granules between 0.5 and 1.5 μm in diameter
known to be peroxidase positive [30]. The mode of
n and the components of the secreted adhesives are
understood. Enlarged cytoplasmic protrusions which
named as filopodia were observed during Hydra at-

ment by Pan et al. [31].
this study, our goal was to characterize the cellular
ponents responsible for Hydra’s underwater adhe-
. Light-and electron microscopic techniques were
sed for a comprehensive description of basal disc
phology of free and attached polyps. Additionally,
phology and adhesiveness of the secreted material
tprint) was analysed using atomic force microscopy.
nvestigate the components involved in adhesion, we
used energy electron loss spectroscopy to identify
gen and phosphorus atom distribution. Second, the
dic acid-Schiff reaction was carried out to verify the
ence of glycans, and diamino benzidine was used to
t peroxidase activity. The localisation of two anti-
labelled by two antibodies was confirmed to be

ent in the footprints. Finally, we showed that lipids
t probably do not play a role in Hydra adhesion. We
est that detachment is driven by muscular activity.
r investigating all these components, we paved the
for Hydra as a model organism for bioadhesion re-
ch using molecular approaches [32]. It provides the
s for our current efforts to uncover the biochemical
s of the glue of Hydra.

lts
l disc cell morphology and secretion of adhesive
ules
g interference contrast microscopy of squeezed live
als the basal disc cells can be seen at the aboral end
he animal (Fig. 1c and d). A longitudinal section
ugh a Carnoy-fixed unattached polyp showed an
view of the basal disc cells, which constitute the ad-
ve system (Fig. 1e and f). The external morphology
e basal disc consisted of a cylindrical peduncle cov-
by a flat disc (Fig. 2a). Between the basal disc cells
e were uniformly distributed pores (Fig. 2b). Se-
d material was visible on the basal disc (Fig. 2c). In
dra polyp attached to the substrate (Fig. 3a and b),
basal disc cells appeared directly in contact with the
ce. When it detached, it left behind a footprint
e up of the secreted material on the surface (Fig. 3c).
basal disc cells left behind an imprint outlining their
al cell-to-cell contact sites. The flat zones between
rims outlining the basal disc cells also contain a thin
of adhesive material (see below). In summary, the

l disc is a specialized secretory tissue allowing Hydra
tach to the surface.













Fig. 6 Cytochemistry of Hydra basal disc. a Overview of semi-thin Epon section stained for glycans with PAS method. The reaction is stronger in the
mesoglea and at the aboral tip [arrows] of the cell. b Magnification of a. Arrows indicate strong PAS reactions. Note the reaction gets stronger towards
the aboral end of basal disc cells. c TEM- Periodic acid-thiocarbohydrazide-silver proteinate reaction (the EM-correlate PAS staining) was performed on
cryo-fixed basal disc revealing the glycan distribution in the Hydra secretory granules. HSGII react positively in and close proximities of the granule
membrane, while HSGIII and IV reacts quite uniformly. d Basal disc section not exposed to Periodic acid but regular thiocarbohydrazide-silver proteinate
staining. Note secretory granules do not react to glycan staining. e Longitudinal semi-thin section through the basal disc stained with diamino
benzidine and oxidized with Osmiun tetroxide. Endogenous peroxidase activity is strong at the aboral end of the basal disc [arrows] and endodermal
lipid granules are dark from osmium fixation [asterisks]. f Longitudinal section of basal disc cells reacted for peroxidase after diamino bencidine staining
counterstained with methylene blue and Azur II. Arrows point at some reacted secretory granules located at the most-aboral end of the cells. g TEM-
peroxidase staining in chemically fixed basal disc is positive for some Hydra secretory granules II and their neighbouring cytoplasm. Arrows point at
the most aboral end cell membrane, region with highly peroxidase activity. h Section from a negative control not exposed to diamino benzidine. Scale
bars 100 μm (a), 50 μm (b, e), 20 μm (f), 1 μm (c, d, g, h). Abbreviations: PAS, periodic acid Schiff; POX, peroxidase; en, endoderm; m, mesoderm; bd,
basal disc; bdc, basal disc cell; I, Hydra secretory granule I; II, Hydra secretory granule II; III, Hydra secretory granule III, IV, Hydra secretory granule IV; ex,
exterior of the cell
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